In this paper, we will present some recent developed methods of beam observations and their experimental results. These methods including: beam energy measurement by laser Compton scattering, investigating electron beam orbit sensitivities on the flux of the photon beam line, beam lifetime investigation in storage rings.
INTRODUCTION
We have been trying to utilize the known principles of Beam physics and the existing Photonics knowledge and devices to investigate or to perform new methods of beam observations. In this paper, we will present some recent developed methods of beam observation and their experimental results. These methods including: beam energy measurement by laser Compton scattering, investigating electron beam orbit sensitivities on the flux of the photon beam line, beam lifetime investigation in storage rings. Only brief description and results are presented in this review. References are provided for more detail information for each individual study. All of the experiments are performed on the electron beam in the storage ring of Taiwan Light Source(TLS) of Synchrotron Radiation Research Center(SRRC), Taiwan.
BEAM ENERGY MEASUREMENT BY LASER COMPTON SCATTERING[I],[Z]
The method of Compton scattering to measure the electron beam energy in the storage ring or to produce quasi-monochromatic y-rays is characterized by excellent signal-to-noise ratio. To acquire a high y-ray flux, a pulsed CO2 laser with up to 2.67MW peak power is employed. Owing to the fact that the background radiation from Bremsstrahlung is extremely high ( about 1200 counts/sec at 20mA electron beam current ), how to effectively subtract the background radiation is a relevant concern. In this study, we developed the method of synchronous measurement to resolve the above problem. The synchronous measurement used a gate to periodically allow the signals to pass from the detector to the counting system. Since the scattered photons were produced after the laser pulse reached the interaction region, the laser could provide a trigger signal for the gate to open. The method proposed herein increases the signal to noise ratio from 1.2 to 42.5. Figure 1 presents the entire system's schematic diagram. According to this figure, the laser photons pass through the optical system into the storage ring's straight section.
After being scattered by relativistic electrons, the 7-rays passes through the lead collimator and is then detected by the HPGe detector. The signal processing instruments, then, acquire the backscattered '(-rays' spectrum.
Considering that the highest energy of' the backscattered photons was around 3000keV, we chose the standard source in energy calibration of the HPGe detector since the two characteristic energies of ZINa were 1368.4keV and 2753.6keV. Those energies contributed to a sum-peak energy of 4122keV that could be applied to the interpolation method in energy calibration. Figure 2 presents the spectrum of the Compton scattering with a collimator having an inner diameter of 3mm that corresponded to a half opening angle of 0.2241mrad. The background radiation's counting rate without the laser Compton scattering effect was around 0.82 counfdsec with gating. After the laser collided with the electron beams, the counting rate raised to 34.83 counfdsec. The S/N ratio was approximately 42.5.
The highest back-scattered y-ray energy could be estimated from the sharp edge of the spectrum as shown in Fig. 2 . For our latest experiment, it was 3054keVk2.6keV. According to the results, we can infer that the electron beam energy was 1.3058M.0017GeV. The relative energy measurement uncertainty of this experiment is 0.13%. The vertical axis is the difference of the inverse of the bunch total lifetime.
In the multibunch method, using the same total RF voltage, we first measured the total beam lifetime at the multibunch mode with the nominal transverse beam sizes (6, = 1 8 0 s ym, oy = 70k5 pm). The heam current was 195 mA (filling 140 bunches) with a total beam lifetime T~ of 238+1 min. Next, the beam was driven into the difference resonance and the transverse beam area (a, = 357k14 ym, oy = 353k16 pm) was increased by a factor of 10. The beam current was 194.3 mA with a total beam effects, possibly caused by the couple bunch effects may not be as prevalent as those in the multibunch mode. For the estimation of the gas scattering lifetime of the operation mode i.e., the multibunch mode, in which the total lifetime was measured, we used the Touschek lifetime measured at the few bunches mode. This misuse caused the Touschek effect in the multibunch mode to be overestimated and consequently, underestimated the gas scattering effects in the multibunch mode. The Touschek lifetime is longer by 8% {i.e., (285-263)/[(285+263)/2] ) when measured by the multibunch method than when measured by the two unequal bunches method. The theoretical value of the Touschek lifetime at the corresponding parameters is 302 min. There is a 54% {i.e., (ZSO0-1443)/[(2500+1443)/2] ) discrepancy of the gas scattering lifetime measured by the two methods. Besides the consequence of the overestimation of the Touschek effect as previously mentioned, a significant reason for this discrepancy is a possibility of the discounting of the effects of any trapped ions in the multibunch operation mode, when the lifetimes were estimated by the results of the two unequal bunches method.
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